In dealing with suspected child abuse, the ophthalmologist is often faced with interpreting clinical signs for which there is inadequate explanation in the history. Acknowledgement of abuse is rare, and interpretation of these findings and particularly extrapolation from them to an assessment of their causation has to be undertaken with care. The interests of the child are paramount, but we cannot ignore the impact of unwarranted accusations on a family. 1 The courts rely upon their medical advisors to provide a balanced opinion, based on the best available evidence; 'Most judges have no more medical expertise than the average intelligent lay person' and judges 'are best assisted by experts who provide opinions based firmly on clinical findings and recognised medical knowledge'. 2 We present a consensus opinion of developments in child abuse relevant to the Ophthalmologist since the last Working Party publication. 3 Can normal handling (such as vigorous play) cause retinal and intracranial haemorrhages?
In 2001, Geddes et al 4, 5 reported the results of histopathological examination of the central nervous system (CNS) following fatal head injuries in 37 infants and 16 children.
These papers have been interpreted by sections of the press 6 and some experts as suggesting that minor trauma, such as might occur during rough play, could cause the clinical picture commonly attributed to the Shaken Baby Syndrome (SBS). The Geddes papers showed that, in infants with inflicted head injury, there was evidence of hypoxic/ ischaemic neuronal damage rather than the diffuse axonal changes associated with traumatic brain injury. This concept is supported by neuroimaging. 7, 8 In 13 of 37 infants reported by Geddes, 5 there was axonal damage at the cranio-cervical junction. It was suggested that this injury to the respiratory centres had a role in producing hypoxia and brain damage.
These papers raise the possibility of alternative explanations for the observed pathology. While previously, it was assumed that the forces used must be sufficient to cause shearing injury, it is now apparent that shearing is not the sole pathogenesis of the changes seen in the brain (Geddes et al specifically excluded discussion of the aetiology of retinal haemorrhages). Although the precise level of force required to cause retinal haemorrhages remains uncertain, the majority of these children were unequivocally the victims of severe trauma. Despite having access to 'full documentation' in 52 cases, the authors did not cite a case in which they could link a less than violent event with fatal head injury. Nonetheless, in 8 infants there was no bruising, skull fracture, or extracranial injury to specifically indicate a violent event.
Since our previous report, 3 it is now appreciated that evidence from mechanical models 9 may reveal an imperfect picture of the events occurring during injury. 10 It has been conceded that, 'whilst controversy still exists as to the exact mechanism, most authors now agree that the forces necessary to cause this type of injury are far from trivial and, in fact, are considerable' and 'that this sort of injury is unlikely to be inflicted 'accidentally' by well-meaning carers who do not know that their behaviour can be injurious'.
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Conclusion: It is highly unlikely that the forces required to produce retinal haemorrhage in a child less than 2 years of age would be generated by a reasonable person during the course of (even rough) play or an attempt to arouse a sleeping or apparently unconscious child.
Do high cervical injuries from any other source give rise to retinal haemorrhages?
In a study of the vegetative reactions of infants undergoing cervical manipulation 12 apnoea occurred in 22. 1% of 199 children. This may be pertinent to the SBS, but no child progressed to the cascade of neurological sequelae associated with SBS. There seems no reason to believe that apnoea from cervical injury alone is sufficient to replicate the clinical picture of SBS. A group of children 13 with a mean age of 6.3 years presented with multiple injuries and cardio-respiratory collapse, which could not be explained by blood loss. Of the 19 children, 18 died, and post mortem studies in 16 showed significant cord laceration (up to transection) in 13. Neither subdural nor retinal haemorrhages were commented on in this report.
Conclusion: Cervical injuries alone do not give rise to retinal bleeding. However, cervical injuries in small children may produce apnoea. Inflicted cervical spine injury coupled with circulatory collapse has the potential to induce hypoxic/ischaemic encephalopathy.
Does hypoxia give rise to the clinical picture of SBS?
The suggested consequences of axonal injury at the cranio-cervical junction are apnoea followed by hypoxia. However, in the absence of circulatory collapse or the vascular changes associated with high altitude, 14 acute hypoxia alone is insufficient to cause subdural and retinal bleeding. Similarly, acute hypoxia similar to that which occurs in smothering, while commonly causing petechial haemorrhages on the surface of the lungs, heart, and occasionally other viscera, has not been shown to cause retinal haemorrhages. 15 It has been suggested that intradural and juxtadural bleeding in children dying from nontraumatic, hypoxic conditions, provides an explanation for the subdural bleeding in SBS. 16 In all, 72% of cases had intradural and juxtadural bleeding histologically identical to that found in three cases of SBS. However, these children suffered 'profound' hypoxia before birth for various reasons including bronchopneumonia and placental insufficiency. There is no indication in this study that apnoea from localised axonal damage can produce a similar picture. The authors hypothesise a sequence of events where severe hypoxia leads to brain swelling, raised intracranial pressure, subsequent subdural, and retinal haemorrhage.
Conclusion: Acute hypoxia resulting from transient apnoea has not been shown to result in the SBS picture. Hypoxia coupled with circulatory collapse may produce potentially fatal brain swelling.
Can short-distance falls cause retinal haemorrhage?
The ALSPAC (Avon Longitudinal Study of Parents and Children) study of a West of England birth cohort collected data on 3357 falls in infants less than 6 months of age. 17 Of the visible injuries noted following these falls, 97% involved the head and yet less than 1% resulted in fracture or concussion. The great majority of the falls were short distance and only 162 were taken to hospital with 16 requiring admission. If the children attending hospital are a small minority of those sustaining accidental injury, and if only a tiny minority of those children attending hospital show evidence of neurological or ocular damage, 18, 19 then the possibility of minor injury causing massive neurological damage and retinal bleeding must be remote.
A study of 93 children under the age of 3 years, admitted to two tertiary referral centres suffering from either subdural or epidural haemorrhage, found a strong association between the subdural location of haemorrhage and NAI. 20 In all, 47% of children who were the victims of abuse had subdural bleeding compared to 6% with epidural bleeding. The authors discussed the biomechanics of the injuries, and concluded that linear impact injury may lead to tearing of vessels that are 'adherent to and tightly encased in the potential space between the skull and dura'; this results in epidural bleeding. The vessels involved in subdural bleeding are less tightly bound and therefore less vulnerable to direct impact but susceptible to tearing when exposed to complex rotational forces (such as that which might occur when the head is free to rotate around the axis of the neck).
A review from a children's neurosurgical service 21 similarly suggested that short-distance falls were likely to cause extradural rather than subdural bleeding. They identified 40 cases (from a total of 211) of children less than 3 years with extradural haemorrhage. The mechanisms of trauma were falls from less than 1 m (40%) falls from greater than 1 m (30%) and falls while walking (17.5%). No children had a concomitant subdural haematoma and there were no cases of nonaccidental causation. In contrast, of 33 children presenting in South Wales with subdural haemorrhage, 27 were 'highly suggestive of abuse'. 22 The evidence of abuse included fractures, torn frenulum, burns, and adult bite marks. A similar study from the United States 23 again concluded that fatal injuries following reports of minor falls were usually found ultimately to result from abuse.
Against this background of evidence, two recent studies have documented retinal haemorrhages resulting from short-distance falls. 24, 25 The first report, of three children, documented unilateral retinal haemorrhages in all three, with the haemorrhages ipsilateral to the intracranial haemorrhage and confined to the posterior pole. In each case, the retinal haemorrhages were relatively mild and did not extend to the ora serrata.
In the second report, the United States Consumer Product Safety Commission National Injury information was scrutinised for all head and neck injuries involving playground equipment over a period of 11.5 years. This included more than 75 000 files and identified 18 deaths from head injuries. Eight of the dead children were 3 years old or less, and in three of them bilateral retinal haemorrhages were documented. The limitations of the study were acknowledged by the author. In only two of these cases affecting young children was the causative event witnessed by a person other than the adult carer. Furthermore, the method of calculating the distance fallen meant that the calculation was very imprecise, so that in the case of falls involving swings, the distance could vary between 0.6 and 2.4 m.
It seems clear that minor falls can, only exceptionally, give rise to subdural and retinal bleeding. In these cases, it may well be that the biomechanics of the impact induce the rotational forces necessary to produce the picture considered typical of SBS.
Conclusion: Abusive shaking (with or without impact) is the most likely cause of subdural haemorrhage and retinal haemorrhage in children admitted to hospital. Rarely, accidental trauma may give rise to a similar picture. In a child with retinal haemorrhages and subdural haemorrhages who has not sustained a high velocity injury and in whom other recognised causes of such haemorrhages have been excluded, child abuse is much the most likely explanation. A careful search for other evidence of nonaccidental injury is mandatory.
Are retinal haemorrhages secondary to intracranial bleeding?
Since retinal haemorrhages frequently coexist with subdural haemorrhages in severely damaged children, 26 the question often asked is did the same traumatic event cause bleeding in both sites, or did the retinal haemorrhages develop secondary to the intracranial bleeding.
Terson syndrome 27 describes ocular haemorrhage in association with subarachnoid haemorrhage, but is now expanded to include intraocular bleeding associated with any form of intracranial bleeding. It affects between 16 and 27% of adult patients. 28 , 29 Schloff et al 30 investigated, prospectively, 57 children aged 5 months-16.1 years (mean age 10.3 years), seen with intracranial bleeding. In total, 26 of the children had undergone neurosurgery, and 27 were the victims of trauma. Of the total group, 96% (55 children) showed no evidence of intraocular bleeding, despite 18% having papilloedema. Of the two children with intraocular bleeding, one 7-year-old child had three superficial retinal haemorrhages following a road traffic accident in which he was thrown 100 ft from the vehicle. The second, an 8-year-old, had a single dot retinal haemorrhage, and this child was heparinised, had sepsis, and had suffered an intraventricular haemorrhage.
Conclusion: Terson syndrome is rare in children and haemorrhages if they occur tend to be concentrated around the optic disc.
Summary
We believe this current review complements and updates our previous report and offers a balanced assessment of the new information available. It will be necessary to reevaluate the situation regularly in the light of new research.
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